H enry Cabourn Pocklington was an unusual man, a solitary person but not a lonely one. According to his own lights he lived a full and satisfying life, but it was one almost completely filled with mathematics, physics and astronomy. Perhaps his only real confidants were his father, Henry, and his sister, Ida; otherwise he seems to have had no friends nor to have had any desire for acquaintance to ripen into friendship. He rarely spoke, not even to his own brothers and sisters. He shunned people, which makes it all the more surprising that he chose to become a schoolmaster and was content to remain one all his working days. To all intents and purposes he walked through life with unhurried pace, interested neither in events nor people. He was certainly unaffected by them nor had he any influence on them; his sister, Miss E. Ida L. Pocklington, says that his attitude and character remained unchanged from boyhood to death.
1913. H .C .P.'s mother was Emma Janette, daughter of William Lilly, a local insurance manager.
There is no doubt that it was from his father, Henry, that H.C.P. received the inspiration which later blossomed in his scientific work. Henry was selftaught; in his private life he interested himself in optics, astronomy, electricity, mathematics and chemistry; this was at the time when the desire for popular higher education was sweeping through the country. Electrical instruments were one of his hobbies; he used to make his children stand on small insulating stools and hold on to the knob of some electrical apparatus, presumably of the Wimshurst type. Miss Ida Pocklington recalled this vividly; she remembered how her hair used to stand on end and how her scalp used to tingle and feel uncomfortable for several days after such an experience. Once H.C.P. received a severe shock and was thrown across the room; it is not surprising, therefore, to hear that from that time he had some aversion to experiments with electricity. O f course he conquered this fear later, at least sufficiently to carry out simple experiments with current elec tricity, but it may or may not be a coincidence that he refused to have electricity supplied to his home which, even to the day of his death, was lit throughout by gas. On the other hand the explanation may be quite simplemany late-Victorians were content with the illumination provided by the efficient and comparatively cheap incandescent gas mantle.
Henry became quite expert at analyzing substances to be tested for adulteration; it seems that samples of sugar had frequently to be inves tigated. Chemical and optical methods (involving the use of a polarimeter) were used. He became so expert that his friends among the city analysts often used to ask him to visit their laboratories and check their work. There is every reason to believe that, as a boy, H.C.P. also became adept in the use of polarimeters-and it might perhaps be noted in passing that his principal achievement as a scientist was his discovery that when a beam of planepolarized light is transmitted along one or other of the two optic axes of a crystal of sugar, the plane of polarization of the light is rotated, but the amounts of rotation are different for the two axes. This discovery was the result not only of his ability as a mathematical analyst but also of his skill as an experimenter with polarimeters.
The children of the Pocklington family were brought up in Armley at a time when it was still a village and not, as now, overlaid with industry, and a section of Leeds. The Pocklington boys and girls were taught at the Armley Higher Grade School. The establishment of this school seems to have been due mainly to the activity of Dr William Gott, a gentleman well-known locally for his public services. It is for this reason that the school was some times called 'G ott's school'. The local population, however, referred to it as 'M r Mee's school', M r Mee being the headmaster, the gentleman who, in the language of the locality, 'farmed it from the Gotts'.
The school was a mixed one and must have been quite good, for H.C.P. took his scholarship from it to the Yorkshire College of the Victoria University. This College added greatly to its reputation with the passage of time, and in 1904 was granted a Charter and became the University of Leeds. Gott's school was what we should now call a secondary school, though it had an infants' department. Children learned French there and a smattering of Latin and mathematics. Music was also taught-for an additional fee. Children learned drawing, as well as a little bookish science, as a matter of course.
In 1884 H.C.P. was a candidate for an Akroyd scholarship offered by the Yorkshire College; its value was £25 per annum, a very considerable sum in those days. There were 25 applicants, the age range being 14 to 19; H.C.P., the youngest entrant, was placed fourth on the list. A scholarship was awarded to him and at the age of 14 he entered the College. Two papers had to be answered in the open examination, one on mathematics, the other on physics. Each paper would provide a very severe test for a boy of 14 even at the present time; even a boy of 19 from a good school specializing in mathe matics and physics would find the papers quite searching. H.C.P. was a student at the College from 1884 to 1889, the Principal at that time being Professor Nathan Bodington. During his first year H.C.P. was taught mathe matics and physics by Professor A rthur Rucker (later Sir A rthur Rucker, F.R.S., Principal of London University). At the end of this year, when Rucker resigned, the Chair of Mathematics was separated from that of Physics and was combined with that of Geology, the dual chair being filled by a Professor A. H. Green. The Cavendish Chair of Physics was filled by a Professor William Stroud, a man of great ingenuity, wit and kindliness. William Stroud was extremely kind to the young H.C.P. and unknowingly made a great impression on him.
The troubles and pleasures of a Professor of Physics in the Yorkshire College of those days were racily described by Professor Stroud in a privately published 'Apologia pro vita mea'. Stroud was idolized by his students and combined in himself the skills of an experimental physicist, an arithmetician and a mathematician. Stroud collaborated with Archibald Barr, Professor of Civil and Mechanical Engineering at the Yorkshire College, and designed the well-known 'Barr and Stroud' optical range-finder which was the standard instrument for the navy and army for most of the first half of this century, and which still has its uses in the army. Barr was later elected to the Fellowship of the Royal Society. They also invented and devised a number of other intricate and ingenious mechanical and electrical conver sion mechanisms, both for range-finders and for fire-control instruments. The reputation of the well-known Glasgow firm of Barr and Stroud, designers and manufacturers of optical instruments, bears testimony to the two Pro fessors. H .C .P.'s pleasure in working with his hands certainly seems to have been reinforced by William Stroud's liking for experimental work, and in later life H.C.P. ground his own lenses and made astronomical telescopes.
It is interesting to note in passing that when Professor Green resigned in the session 1887-8, mathematics was separated from geology and was for the first time 'constituted a separate Professorship', a post which was filled by L. J . Rogers ofBalliol College, Oxford. Rogers was elected to the Fellow ship of the Royal Society in 1924; he is associated with the Rogers-Ramanujan identities given without proof by Ram anujan in 1914; they were really discovered and proved by Rogers in 1894. Most of his work was done by the manipulation of series and products of theta-functions; he was also interested in Sylvester's theory of reciprocants. Rogers taught H.C.P. during the academic session 1888 to 1889 so that it is likely that he is responsible for Pocklington's investigations into number-theory, so different from his other interests. It is just possible, however, that H .C .P.'s interest in numbertheory was due to G. B. Mathews, a former Fellow of St Jo h n 's College, Cambridge, who wrote a book on the subject in 1892.
The range of the subjects which H.C.P. studied at the Yorkshire College provides material for an interesting comparison with the curricula of presentday Secondary Grammar Schools and Universities. During his first two years he read mathematics, physics, Latin, chemistry and French; he was then awarded a Brown Scholarship; its value was £35 per annum. In his third year he continued his studies in the five named subjects, but also attended classes in zoology, German, modern history and modern literature. This must have been too much for a boy of 17, for in his next year he remained true only to mathematics, physics, chemistry and zoology, but he also took a course in botany. In his fifth and last year he concentrated on mathematics and physics but attended additional classes in Latin and Greek. A wide combination of subjects by any standards! All this was during the time when students of the Yorkshire College were being prepared for London degrees. In 1886 H.C.P. obtained first-class honours in electro-metallurgy in the London City and Guilds Examination; in the following year he passed the London M atriculation Examination. In 1888 he took the London Intermediate Science Examination with Honours in mathematics, physics and inorganic chemistry; on the results he was awarded a medal and the Neil Arnott Exhibition-value £40 for each of two years. Next year he obtained the London B.Sc. with Honours in experi mental physics, and the London B.A. and B.Sc., conjointly, with Honours in mathematics. It was sixteen years later, in 1905 , that the degree of B.Sc. of the University of Leeds was conferred on him, and this was under the special arrangements applying to students of the former Yorkshire College who had obtained degrees in other Universities as external students.
While in College H.C.P. had been made aware of wider horizons, and in December 1888 he became a candidate for the Open Scholarships and Exhibitions offered by St Jo h n 's College, Cambridge. He distinguished him self and was offered an £80 Foundation Scholarship which he held until 1894. The examination papers of those days are similar in many respects to those of the present time. The only other £80 Scholar at St Jo h n 's College that year was S. S. Hough, afterwards H.M. Astronomer at the Cape of Good Hope. The academic careers of both men are similar. Hough was third W rangler in 1892; H.C.P. was fourth in the same year. Next year Pocklington was placed in the first division of the first class in Part II of the Cambridge M athematical Tripos, while Hough was in the third division of the first class. In 1894 both men were awarded Smith's Prizes-Hough the first, and Pocklington the second. The title of H.C.P.'s essay was 'On the steady motion and small oscillations of an electrified hollow vortex'. St Jo h n 's College awarded him a Fellowship in 1894, an issue of the Eagle (the College magazine) of that period containing the following note: 'M r Pocklington presented a disser tation on the periods of the vibrations of a vortex ring constituted by fluid circulating round a hollow core, in which the periods of the unsymmetrical types of vibration are for the first time determined. The analysis of this paper also includes a determination of the effects which an electric charge would produce on the vibrations and stability of a vortex atom in a rotational aether. In a minor investigation, which will appear in the next number of the Proc. Camb. Phil. Soc., the forms assumed by two parallel cylindrical hollow vortices moving steadily through fluid, and the character of the surrounding motion, are examined in detail.' Hough was awarded a Fellow ship at St John's College in 1895.
Professor H. F. Baker, F.R.S., writes: 'I had a great respect for Pocklington, when I had the privilege of lecturing to him, for his insight into physical things and his mathematics-and as he was bracketed with Cowell in Part II, 1893, others must have thought well of him also . . . I remember him as a stoutish person, generally liked, in rather poor health, and I was much impressed by hearing that he was grinding some optical lenses with his own hands. But I did not know of his friends, nor what he did with his leisure. ' At the end of the last century Fellowships were held for six years without conditions of residence. Pocklington drew his dividend, not more than £200 per annum, but did not go into residence; presumably he lived in Leeds during this time and made brief periodic visits to Cambridge. As an under graduate and B.A. he had rooms D.4 on the second floor in Third Court, overlooking the River to the south of the Bridge of Sighs-but there the record ends. His visits subsequent to 1900 appear to have been nothing more than occasional ones during school vacations.
By his absence from Cambridge during the critical years 1894 to 1900 H.C.P. missed the excitements of discussions with the mathematicians and physicists who, in the Cavendish Laboratory, were laying the foundations of modern atomic theory. It is recorded that in the four years 1896 to 1900 one hundred and four original research papers were written by those who were working in the Cavendish Laboratory under the direction of J. J . Thomson, Cavendish Professor. It should be noted also that, at this time, to be a mathematician was to be a physicist also, and vice-versa; there were no barriers.
Three more honours were still to be added to H .C .P.'s collection: in 1896 he was awarded the degree of D.Sc. of the University of London, in 1902 that of M.A. of the University of Cambridge, and in 1907 he was elected to the Fellowship of the Royal Society. At this period H.C.P. was perhaps at the height of his intellectual powers-he had written on both experi mental and mathematical physics. He had discovered both experimentally and theoretically the phenomenon of rotatory polarization in biaxial crystals, and had written on such varied topics as the vibrations and con figurations of vortex systems, electrical oscillations, sensitiveness of detectors of radiant heat, the symbolic integration of certain differential equations in quaternions, interference bands produced by a thin wedge, the sensitiveness of Michelson's interferometer, the kinetic theory of matter, and the funda mental equations of electro-dynamics. A formidable and inspiring list! To this he later added number-theory.
In 1900, when his Fellowship came to an end, he accepted a post as Assistant Master in the Leeds Central Higher Grade School, and there he quietly remained, a teacher of physics, till his retirement in 1926. No reason has been advanced with confidence to account for his voluntary withdrawal several years before the conventional age for retirement. From 1926 and until his death in 1952 he lived his private life, even more quietly, pursuing his own interests. Among these, astronomy assumed a larger place as the years passed by-but it is interesting to note that this interest too was inherited from his father. For 45 years H.C.P. was a member of the Advisory Com mittee to the Council of Leeds University on the University Observatory. This Committee was dissolved when the Observatory was demolished in 1951, although very little work had been done there during the previous 10 to 15 years. When a total eclipse of the sun was visible from Yorkshire (29 Ju n e 1927) Pocklington joined the people who were to take the observations. Rooms were found for him in Settle in the hotel which housed the party of the Astronomer Royal. Great courtesy and deference were paid to Dr Pocklington by members of this group, and their kindness was much appreciated. When H.C.P. returned home he was full of praise for the astronomers, and said: 'They were so efficient you would hardly believe they were scientists!' And he meant it quite seriously.
H.C.P. was not particularly interested in sport. As a young man he rowed a little and climbed some mountains, but desisted from these activities in 1913. Prior to 1913 he had travelled during vacations, visiting Norway, France, Switzerland and Holland, but with the advent of the 1914 war he gave up all idea of travelling abroad, and from that time remained in England. He was called to the forces about 1916, but was found to have a defective heart. He was quite unmoved by the calls of religion and had no interest in politics. His sole contact with governmental departments was through his income tax forms which he filled up with great care and assiduity every year, even to within two or three weeks of his death.
H .C .P.'s work falls into a number of distinct sections. Perhaps his most important discovery was connected with the rotation of the plane of polariza tion of polarized light as it passes along one or other of the optic axes of a biaxial crystal. In a brief paper in the Philosophical Magazine (1901) he showed for the first time, using the methods of quaternion analysis, that a biaxial crystal endowed with natural rotatory power will, in general, possess different optical activity in the directions of its optic axes. Pocklington also deduced, very briefly, the form of the wave surface in the neighbourhood of the optic axes. He also observed experimentally the rotation of the plane of polarization of polarized light in biaxial sugar crystals and found that his prediction was verified. His 'Erklarungssystem' seems to have been mis understood by Voigt, who was a leading authority in the field of crystal-optics, but Pocklington was able to clear up Voigt's objection in a very brief note published in the Annalen der Physik (1906) .
His next most important work is connected with electrical oscillations in wires (1897). The difficulties of a general theory are much reduced by assuming, as Pocklington did, that the wires are thin. The paper was referred to by Larmor {Nature, 67, 361, 1903) as 'this powerful paper'. Rayleigh, in his work on electrical oscillations, stated that the circular ring had been very ably treated by Pocklington in 1897, but with deficient explanations. The deficiency of explanation had been previously pointed out by O rr (see the 1904 paper which is a corrigendum to that of 1897). More recently Pidduck, in his book on Currents in aerials and high-fre(l uency networks (Clarendon Press 1946) has made Pocklington's theory more widely known by showing that it makes it possible considerably to simplify M urray's work on aerials (Amer.
J . Math. 53, 873, 1931) . Quaternions seem to have made a great appeal to Pocklington. In addition to his 1901 papers on rotatory polarization and the fundamental equations of electrodynamics, which included work on them, he wrote two others (1899 and 1931) on quaternions. In the first of these he demonstrated with insight their practical value in detailed calculation; in the second he gave two beautiful illustrations of the power of quaternion analysis. These four papers form a valuable contribution to the literature of the subject.
Pocklington's work on number-theory seems to consist of six papers published in the Proc. Camb. Phil. Soc. for the years 1910, 1912, 1914, 1917, 1928 , and a number of letters to Nature. Most of their subject m atter belongs to the classical theory of numbers and is concerned with congruences, quad ratic residues, primes of special forms and prime factors of certain poly nomials, factorization of large numbers and Diophantine equations. His last paper is on the practical calculation of the units of some cubic and biquadratic fields arising from a, and N a.
His work reveals him perhaps as a rather enlightened am ateur not always familiar with what had previously been done. Thus his proof of the law of quadratic reciprocity in his first paper is practically the same as that of Zeller. Still, he had a considerable knowledge of number-theory if one is to judge by his references to Smith, Gauss, Diophantus and Abel. He had an interest in some of the well-known problems and made new and interesting contributions in some well-worked fields, e.g. in connexion with the Diophan tine equation xAjrax2 y 2-\-y4= z 2. Thus he proved that when is a giv of the form8w-|-3, there are no integer solutions of other than those given by y = 0. But his work in number-theory was more of a side-line and not connected with his main interests.
Then there is a miscellaneous group of writings in which physical insight and mathematical skill are combined. Some papers (1895, 1903 and 1907) indicate that considerable thought had been given to problems of the aether. Two letters to Nature (1906 and 1924 ) also show that he had an expert knowledge of certain aspects of crystallography. Wherever mathematical techniques were employed they were used with that elegance and ease which betokens mastery. Wherever physics was discussed his suggestions indicated an acute and penetrating mind-but the proposals were not always prac ticable. Consider, for example, his 1902 paper on a method for increasing the sensitiveness of Michelson's interferometer by using circularly-polarized light. The proposal is theoretically sound but impracticable; H.C.P. must have realized the difficulty from his comment in paragraph 4 of this paper. The added Note, however, contains a valuable but fairly obvious suggestion (the half-shadow method in polarimetry, due to Jellett, was known as far back as 1860). Kennedy ( Proc. Nat. Acad. 12, 621, 1926) h shadow method with Michelson's interferometer in his repetition of the Michelson-and-Morley experiment. As regards sensitivity of the method, Illingworth ( Phys. Rev. 30, 692, 1927) using Kennedy's apparatus found that a displacement of between 1/1500 and 1/500 of a fringe could be detected. In neither of these papers is Pocklington's name mentioned, although Kennedy states: 'The writer ran across the suggestion of using such a divided mirror in interferometry some years ago, but is unaware to whom the credit for it belongs. ' O ther examples could be given, but enough has perhaps been written to indicate the quality of Pocklington's work. Everywhere, however, there is great economy in the use of words. It is as if he had said to himself-those who are interested will understand, those who are not-well, there is no need to write for them! Perhaps his ingenuity, versatility and power, as well as the defects of his approach, are shown most clearly in his last paper (1940) -a two-page research note written at the age of seventy! The note arose from his experience when using pitch for polishing optical glass. Not all varieties of pitch were equally good, and he found it desirable to have a quick method for getting an approximate value of the viscosity. Sufficient information for his purpose could be obtained, he said, by pressing a sphere against a flat surface of pitch and studying the form of the depression. The motion of the pitch was that of a viscous fluid at a very low Reynolds number and he quoted the appropriate formulae with accuracy and under standing. In solving his problem he utilized an analogy with a problem in electricity. The mathematical formulae were manipulated with skill, and he found a relation from which, with the aid of a simple observation, a rough value of the coefficient of viscosity could be deduced-but no numerical results were given! In the last few lines he indicated another way in which the results could have been obtained-but he said that he preferred his own! Henry Cabourn Pocklington possessed an original, acute and understand ing mind in matters relating to physics and mathematics. His work showed versatility, power and elegance. His writings, if they were addressed to any body, were intended for those likely to understand. A reading of his work fills one with regret that he himself did not investigate more deeply the many problems which interested him and on which he wrote with such economy of explanation.
L. R osenhead
